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ROYAL ATRCRAFT ESTABLISIMENT, FARNBOROUGH

Measurements of presswe disturbances on the
ground due to Soric Bangs

by
M.0.W, Wolls

and
H.C. Wooll=y

R.AE. Ref: Structures D/14751/MOWW

SN

The pressure disturbances ~n the grcund due to Sonic Bangs from
diving aircrai't have been measured on several oocasions, as opportunities
arose, The measurements were made with e sensitive instrument cspeble of
indicating the pressure time event accurntely for amall pressures and high
rates of change of mwessure,

It was not possible to control the caperiments adequately end the
results sre therefare rendom in charactei’, Sufficient information was
obtained to substantiate a theory due to Varren!, The average emplitude
of the pressure wawe was shown to be 0.7 1b/sq. £t and the greatest
inoremental pressure measured was 1,56 lb/sq. £t,
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1 Introduetion

An understanding of the Sonic Bang is impertsnt because of its .
objectionable character and the possibility of damage to property. Up
to the present, sonic bangs have been mads by airoraft when diving from
high altitude at high speed, so that the time during which the airoraft
spoed oxoeeds that of sound is necessarily short, The effeots have not
been as great, therefare, as they would be if the aircraft flew continuously
at supersonic speed in level flight at low altitude, There io a possibility,
therefore, that sonic bamgs may become more serious in the future.

The experiments described here were undertsken for two purposes: first
to provide data fram which theories could be ohscked, and secondly to deter-
mine tho magnitude of the disturbance. At the time the observations were
begun no quantitative measurements were aveilsble, It wes kmown, however,
from the reports of witnesses, that the distwrbances covered a wide area on
the ground snd that one, two and sometimes three bangs were heard, depending
on the looations of the observers in relation to the flight path of the

sercplane,

. Pressure-time measurements of sanic bangs were made with seweral types
of sensitive fluctuating pressure pick-ups at Lasham asrodrome and at the
R.AB., 8imiler experiments were made at Larkhill Range with Rocket
Missiles, For the experiments at Lashem an observer on the ground was in
radio cammmniocation with the pilot during the dives, and the airaraft were
flom on a premrrmged flight path, The experiments at the R,A.E, were
made during the 1953 8.B.A.C, Show when coordination was not possible
between the pilot of ths airaraft and the ground observer, The results
of these cbservations, therefore, are random and oan only be expeoted to
give same statistical information on the magnitude of the pressure peaks.

From a consideration of the results of the experiments with airaraft
it somed that the sonic bang was primarily an serodynamic effect, a
convenient qualitative sualysis of the phenomencn being given by Wexrren!.
Although quantitative estimates of the pressure based on Warren's work were
in fair agreemont with measurod pressures, the coordination of the ground
meamrements with the airaraft flight plan was never good enough to ensble
the theory to de fully sibstentiated, Sinoe the disturbances covered a
wide area an the ground, moreover, and the messurements were made at only
one point, it was not known whether the measurements were made at the oentre
of the disturbence. Fressures greater than those observed might there-
fore have ooowrrod at other points, For these reasons Roocket Missile
oxperiments were planned and carried out st Larkhill range. Using rockets
in conjuction with Radio Doppler end Cine theodolite equipment it was
posaidle to measure the velooity~-time history and the track of the missile
wourately, It was also possidble by observing whether or not sonic bangs
were nade by missiles in free flight, to check snother theory, known as the
asoustic ¥heory, which attributes the phencmencn to the noise made by
sdrareft engines, . In these experiments simultsneous recordings at thwres
positicns on the gromd were made. : ,

rom the eaperiments at lashan the shape of the pressuro-time pulse
on the ground was estedblished mnd, where mcre thm one bang was recorded
dwring a diw, te mlrwottmbcm successive pressure

b9 0,125 ssoomds, The average pesk presswre was

ths grestest pressure peak recorded was 1,56 1b
between successive bangs and the shape
of the the ssrodynemsio theory; the quantitative
offect forecast bty ﬂu‘ﬁurym also in feir agreement with the msasured
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Only the peak pressures of four disturbances were measured during the
R.AB, experiments, These pressures were respectively 0,09, 0,15, 0,24 and
0.18 1b per square foot.

In the exporiments at Larkhill disturbances were cbserved and reocorded
on two ocoasions from sighter rocksts. In each case two bangs were observed.
The average pesk preassure was 0,3 1lb per square foot snd the greatest pressure
recorded was 0,36 1b per square foot and the average time interval between
sucosssive peaks was 0,56 seconds, The general cheracteristics and shepe of
the pressure waves were the seme as for the aircraft, Since it was poasible
to establish that the bangs received on the ground were produced after cessation
of the rocket motor the acoustic theory was discredited.

2 Instrumentation

In the early experiments several types of pressure piok-up were tried,
with varying degrees of success, These included a moving coil microphone,
a plezo electric pressure pick-up, and a sensitive condenser type microphone.
The requirements were severe, since excertionally low pressures combined with
high rates of changs of pressure were involved, A very sensitive pick-up
cepeble elso of responding accurately to very high frequencies was therefore
required, These conditions are difficult to satiafy in a single piok-up
since a ssnsitive instrunent must have a very flexible movement, which
implies a low natural frequency and comsequently a poor response to high
frequancies, The technique which was finally sdopted, and which proved
to be satisfactory, was the use of a specially designed miniature condenser
type pick-up of poor sensitivity but high natural frequency in conjunction
with sn elsctronic mmplifier of high gain and a cathode ray tube recorder.
With this arrangement the poor sensitivity of the pick-up was offset by the
high gein of the esaplifier, and since the natural frequency of the pick-up
was 17,000 c.p.s. an adequate high frequency response was achieved,

The pick=up used in the experiments was a modified form of that described
in reference 2, A stiffer disphregm was used to improve the high frequency
rezponse, Fhotogrephs of the pick-up are shown in Figs.i end 2, The
mplifying and recording equipment consisted of a frequency modulated pre-
axplifying stege followed by a demodulator, a high gain IC emplifier and a
cathods ray tube photographic recorder, Timing signals generated by a 100
CePs 8, tuning fork controlled osoillator were photograsphed on the record,

The oquipment is desoribed in detail in reference 3, snd is shown in Fig.3,
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1 Introduction

An understanding of the Sonic Bang is impertant because of its
objectionable character and the possibility of damage to property, Up
to the present, sonic bangs have been mede by aircraft when diving from
high sltitude at high speed, so that the time during which the airoraft
spesd oxoeeds that of sound is necessarily short, The effects have not
been as grest, therefare, as they would be if the airaraft flew continucusly
at supersonic speed in level flight at low altitude, There is a possibility,
therefore, that sonic bangs mey become more seriocus in the future.

The experiments described here were undertaken for two purposess first
to provide data from which theories could be checked, and secondly to deter-
mine the magnitude of the disturbance. At the time the observations were
bogun no quantitative measuwremonts were available. It was imown, however,
from the reports of witnesses, that the disturbances ooversd a wide area on
the ground end that one, two and sometimes tlree bangs were heard, depending
on the locations of the observers in rolation to the flight path of the

saroplans,

_ Pressure-time measurements of sonic bangs were made with several types
of sensitive fluctuating pressure pick-ups at Lasham serodrome and at the
R,A.E. Similar experiments were made at Lerkhill Renge with Rocket
Misailes, For the experiments at Lashsm an observer on the ground was in
radio commmioation with the pilot during the dives, esnd the aircraf't were
flomn on a prearrenged flight path., The experiments at the R.A.E. were
made during the 1953 S,B.A.C, Show when coordination was not possibls
between the pilot of ths aircraft and the ground cbserver, The results
of these observations, therefore, are random and oesn only be expeoted to
give some atatistical information on the magnitude of the pressure peeks,

From a consideration of the results of the experiments with aircraft -
it scemed that the sonic beng was primerily an serodynamic effect, a
oonvenient qualitative enelysis of the phenomenon being given by Yerren! .
Although quentitative estimates of the pressure based on Werren's work were
in fair agreement with measured pressures, the coordination of the ground
moasurenmonts with the aircraft flight plen was never good enough to eneble
the theory to be fully substantiated, Sinoce the disturbances covered a
wide area on the ground, moreover, and the messurements wers made at only
one point, it was not known whether the measurementis were made at the centre
of the disturbence, Presswres greater than those observed might there-
fore have ocourrod at other points, For these reasons Rocket Missile
experiments were planned and carried out at Larkhill range, Using rockets
in oonjunction with Radio Doppler and Cine theodolite equipment it was
possible to measure the velociiy~-time history and the track of ths missile
acourately, It wes aleo possible by cbserving whether or not sonic bsngs
were made by missilea in fres flight, to check snother theory, knowm as the
sooustic theory, which attributes the phenocmenon to the noise made by
sirareft engines. . In thess experiments simultaneous recordings at three
positions on the grownd were mede..

From the experiments st lLashmn the shepe of the pressure~time pulse
on the ground was estsblished snd, where more than ons bang was recorded
dwring a dive, the average interval of time between successive pressure
poaks was fomd to be 0,425 seconds, The average pesk pressure was
0.7 1b por square foot, and the greatest pressure pesk recorded was 1,56 1b
por square fooS., The time interval between sucocossive bangs and the shape
of the wave were in aoccord with the ssrodynmio theory; the quantitative
offect farecast by the theory was also in fair agreement with the messured
Jressures, u
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6 NOTHING
RECORIRD

An exampls of the pressurs time curve foar a typical triple bang
disturbance is shown in Fig.5.

. b Experiments at the R.A.E,

Pressure observations were made during the 1953 S,B.A.C. Show at the
R.A:E, In this case no coordination was possible between the pilot of the
airoraft and the ground observer, In view of this it was decided to limit
the cbservations to simple measurements of the peak positive pressures of
the bangs, measuring only the firat bang when more than one bang ocourred,
Owing to the lack of adequate coordination several of the bangs that
ocowrred during the Show went unrecorded, However, the peak pressures of
the four disturbances that were recarded are thought to be reasonebly

representative, They were made by Hewker Hunter and Supermarine Swift
alroreft,

R T e P R VR

| The results are given in the following tabulation;-

Disturbance Peek Pressure
Number 1b/sq. £t
1 0.09
2 0.15
3 0.2,
4 0,18
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The missiles employed were sighter rounds. These are simple rocksts
without boosters, used mainly for the purpose of cheoking the range measure-
ment spparatus., The sbsénce of a booster was advantageous, because the noise
of the explosion at booster separation would have inocreased the diffioculty of
identifying the true sonic bangs on the recorded traces,

A typical velocity time curve for a sighter round is shown in Fig.6, and
s typical trajeotory is shown in Fig,7, the position of the piok-up in relation
to the trajectory is also shown,

The results obtaincd for two firings of sighter rounds are given in the
folladng tables,

Disturbanoe Number One

18t Pressure 2nd Pressure
g Peak Time Afte Peak
Number r
Pressure Duration 1st Peak Pressure ]};a:ion
1b/sq, ft Secs. Secs. 1b/sq. £t 8.
1 0.36 0,004 0.564 0,04 0,009
2 0.30 0.004 0.564 0,04 0.009
3 0,37 0,044 - - -
Disturbanoe Number Two
18t Pressure 2nd Pressure
Pick-up Poak Time After Peak
Nunber Pressure Duration 1st Peak Pressure Dgte'ation
1b/sq, £t Secs. Secs. 1b/sq. £t ©8.
1 0.30 0,004 0.576 0,04 0,009
2 0,29 0,Q04 0.576 0,05 0,009
3 0.27 0,004 - - -
6 Discussion of Results
Correlation with theory

Aocording to Warren's hypothesis the sonic bang is associated with the
sorodynmic distwrbmos oreated along its f1light path by the passage of en

d.ra-.

e " . : e
_(,’vg velosdty in the direoton of the obsarver is sonic.

-8 -

. The distwbdenos duo to the motion of the aircraft csn be represented
,ta sexies.of - "sixros sink® pulses gemerated along its track by the
volm of air displaced by the airaraft,
mnmmﬁmiowlooiv.

These impulses sre ropagated as
A sonic bang coouwrs when the airoraft flies
%" Ahat the "source sink® impulsss generated dxing a comparatively

-of $ime eme Jropegeted 30 &8 t0 wrrive simultsecusly at an

at superscnic speeds snd
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It is evident fram a oonsideration of the typical flight path shomn
in Pig.4 that more than one bang can be reocsived at the sesme point on the
ground, Por example, if the aircraft is diving directly towards the
observer when it first reaches M = 1 the velooity of the pulse will then
be sonic in the direction of the observer, At a later stage in the flight
path, for exmmple during the commencement of pull out at say M = 1,1, it
is again posaible for the ocomponent of velocity in the direction of the
observer, to be scnic: another bang will therefore be received by the
observer and will arrive before the first bang because the aircraft's

oompcnent of weloolty in the observer's direction will have been supersonic
in the interim,

The flight paths of the aircraft flown at Lashom were all similar and
were known with reasonasble certainty, On the basis of the foregoing
hypothesis it was therefore possible to estimate the order of the time
interval between two sucoessive bangs, and compare it with the interval
measured in cases where two bangs were observed. At Lasham this interval
varied from 0,12 to 0,125 seconds, snd the approximate values estimated
from the theory were of the same order of magnitude,

The peak pressures estimated from theory were also in fair agreement
with those measured, The aircraft experiments therefore gave a reasonable
degree of quantitative substantiation for the theory, however, the t¢iming
of the bangs could equally well have been explained by the acoustic theory,
acoording to which the bangs are associated with engine noise, The aircraft
experiments were thereforse not conclusive. On this point the rocket
experimsnts at Larkhill wers decisive since the first bang could only have
been made when the rocket was decelerating through Mach 1 with the rocket
motor inoperative, thus ocnolusively demonstrating that the first bang
heard by the observer must have been due to an ssrodynemic effect.

The agreement between the measured and calculated pressures was very
good in this ozse, as is shown from the following comparisonsi-

Pressure
1b/sq, £t Me asured Calculated
First bang 0.32 0.38
Seoond bang 0,04 0,05
1 Assosmment of Probability of Dsmage to Property

It is very difficult to obtain specific threshold values of peak
Pressure smplitude or pressure impulse of the pressurs time ourve dbelow
which dsmege to property mey not be expected to occur, This is
insvitable becsuse of the wide rang> of types of property involved, and
the enormous degres of veriation in their oonditions of maintenmmce. The
problem is further complicated by the possibility of magnification dus to
mschanical resonmoe snd various other effects, such as for exsmple the
effect of age and residual strain on glass pmes in window frames.

The Ministry of Works hes made a study of these matters in relstion

to the effects of bomb blast damage to property and hss deduced oertain
threshold ariteria from data glesned from variocus sources, including war

dmmage to duildings and deliderate expsriments made with known weights of

oxplosive placed at various distances fram blast pressure recording
instruments,

- 7 -
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The values deduced for the pesk blast pressure and pressure impulse (the
latter quantity being defined as the area under the positive portion of the
pressure time curve) below which ths probability of damage to property is
negligibly small sre as follows:-

Threshold pressure = 30 lb/ft2

Trreshold impulse = 0,05 1b sec/ft°,

For oampsrison the measurements with aircraft have yielded the following
figures;-

Typical peak pressure = 2 lb/r'a2
Typical impulse = 0,02 1b sec/ft2,

It would appear therefore that the aircraft sonic bangs measured up to the
present time are below the thresholds. Nevertheless, in view of the fore-

going considerationa the possibility of occasional damage dus to freak effects

cannot be ruled out.
8 . Conclusions

The messurements made with airoraft and with rockets have substantiated
the theory of Warren,

The magnitudes of the disturbences meamured have shown that with exiating
airoraft the probability of extensive dmmage being caused to property by sonio
bangs is mall, although the possibility of oscasional demages due to fresk
offects cannot be ruled out,

In the futwe, however, the problem may well become more serious when
sircraft capable of flying level at supersonic speeds at low altitudes are
developed.
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